Screening of a cDNA library from neurula stage Xenopus laevis for notochord-specific sequences led to the isolation of a cDNA clone, XK endo B {Xenopus keratin endo B), which encodes a nonepidermal type I keratin. In situ and Northern blot hybridizations indicate that expression of XK endo B RNA is concentrated in the notochord, whereas expression in the endoderm is 5-10 times lower. XK endo B mRNA is present in the oocyte and increases from late gastrula. Accumulation peaks by late neurula and is greatly reduced by the tadpole stage; in the adult, a low level of XK endo B RNA is present in the liver. XK endo B shows sequence homology to mouse endo B; genomic Southern blots show that XK endo B is the most similar sequence to mouse endo B in the Xenopus genome, and vice versa, indicating that XK endo B and mouse endo B are homologs. The use of endo B as a marker and the germ layer derivation of the notochord are discussed in light of these results.
At some time during development, all members of the phylum chordata have a cartilaginous rod-like structure called the notochord. Some lower chordates like lancets and lampreys retain their notochord throughout life, whereas others such as the ascidian tunicate, have notochords only during larval stages; in adult life, the ascidian embeds itself in a tough cellulose sac called a tunic. In the higher classes of chordates, the notochord is present during early development but is subsequently replaced by the vertebral column. In the amphibian, Xenopus laevis, the notochord is present during embryonic and larval stages, but atrophies by metamorphosis.
During the embryonic development of X. laevis, the notochord is one of the earliest mesodermal structures to differentiate, being identifiable by the end of gastrulation. As the notochord differentiates, cell rearrangements occur, and by the end of neurulation the notochord is about two cells wide and four cells deep. In addition, notochordal cells enlarge, accumulating large vacuoles of unknown content in their cytoplasm. Around the time of vacuole formation the notochord deposits extracellular matrix, resulting in the formation of a sheath around the notochord consisting mostly of collagen. By late tadpole stage, the notochord begins to disintegrate, and only vestiges of the notochord remain along the vertebral column at the end of metamorphosis (Nieuwkoop and Faber 1967; Youn and Malacinski 1981; Malacinski and Youn 1982) .
Much has already been leamed about early embryonic events required for the induction of the mesoderm in Xenopus and the subsequent formation of the notochord (Gimlich and Gerhart 1984; Dale et al. 1985; Gurdon et al. 1985; Kimelman and Kirschner 1987; Slack et al. 1987; Smith 1987; Rosa et al. 1988) . However, little is known about the function of the notochord during early embryogenesis. Embryos lacking visible notochords appear to develop normally, at least until hatching (for review, see Malacinski and Youn 1982) , but the effect of the absence of a notochord on later development was not analyzed. The role of the notochord during early embryogenesis may be subtle or may manifest itself at a later time.
A function for the amphibian notochord later in development has been suggested by comparison to the avian notochord. In the latter case, the extracellular matrix surrounding the notochord was shown to favor sclerotome cell migration (Newgreen et al. 1986 ) and to stimulate chondrogenesis in the sclerotome cells of the somites (Vasan et al. 1986a,b) . Because avian and amphibian notochords synthesize some of the same extracellular matrix components, it is likely that they have similar effects on chondrogenesis (Smith and Watt 1985) .
The identification of genes specifically expressed in the embryonic notochord may help elucidate the function of this tissue during early development and should provide molecular markers for further study of the events required for its formation. To identify notochordspecific mRNAs, we screened a neurula cDNA library in duplicate, using a probe containing sequences expressed in the notochord and a probe containing sequences expressed elsewhere in the embryo. One cDNA sequence was found to be particularly enriched in the notochord relative to other tissues. This sequence encodes a type 1 nonepidermal keratin, as described in this paper.
Results

Isolation of cDNA clones
To isolate notochord-specific sequences, we screened in duphcate a stage 17 (neurula) cDNA library in Xgtll with two uniformly labeled cDNA probes made from (1) poly(A)-^ RNA isolated from 1000 dissected notochords (notochord probe) and (2) poly(A)-^ RNA from 50 embryos lacking notochords (carcass probe). From 30,000 plaques screened, 11 clones were chosen that hybridized preferentially to the notochord probe. Cross-hybridization studies and nucleotide sequence analysis revealed that 10 of the clones were cDNAs from the same gene; this paper describes the characterization of a representative cDNA clone, NC-11, from this group. We named the gene corresponding to NC-11 XK endo B because of its homology to mouse endo B, as shown below.
Expression in the notochord
The preferential expression of the gene represented by NC-11 in the notochord is shown in Figure lA . Equal amounts of total RNA from dissected notochords and from whole stage 20 embryos were separated on a denaturing agarose gel, blotted and hybridized to the nicktranslated cDNA insert from NC-11. A 1450-nucleotide transcript was observed, which was at least 10 times enriched in RNA from the notochord compared with RNA from whole embryos.
Expression during development
Because the notochord can first be identified morphologically at late gastrula, stage 12 1/2 (Nieuwkoop and Faber 1967; Malacinski and Youn 1982) , we were interested in determining when XK endo B was expressed during development. Equal amounts of total RNA isolated from embryos at various stages were separated on denaturing gels, blotted, and hybridized with NC-11 (Fig. IB) . The level seen in stage 6 (cleavage) embryos was the same as that found in eggs (not shown) and at stage 10 1/2 (early gastrula). By stage 12, the amount of RNA had increased significantly and continued to increase until its accumulation peaked by stage 23 (late neurula). The RNA level decreased significantly by stage 38 (tadpole) and remained comparatively low through stage 55 (metamorphosis). The developmental expression of this gene is consistent with the morphological development of the notochord: A significant increase in expression of XK endo B RNA was observed when the notochord can first be identified morphologically, and XK endo B RNA levels decreased well before the notochord begins to disintegrate.
Sequence analysis
The nucleotide sequence of the coding region of NC-11, together with its corresponding amino acid sequence, is shown in Figure 2A . In the longest reading frame, translation termination occurs at nucleotide 1105. A polyadenylation signal occurs at position 1147. However, no poly(A) tail is present in this cDNA clone, and we do not know the exact 3' end of the mRNA.
The amino acid sequence corresponding to NC-11 was compared to the protein sequences in the translated GenBank (Lipman and Pearson 1985) . Substantial sequence homology was observed to many intermediate filaments, with type I keratins being closest. Figure 2B shows the amino acid alignment of NC-11 with the two most similar amino acid sequences known to date. Mouse endo B is 57% identical in sequence and also encodes a type I nonepidermal keratin that is expressed during mouse embryogenesis and in simple epithelia in the adult (Singer et al. 1986 ). XK70, a Xenopus embryonic epidermal type I keratin (Winkles et al. 1985) , is 48% identical to NC-11.
Relationship to mouse endo B
Although sequence comparison suggested that mouse endo B and the Xenopus cDNA NC-11 were related sequences, it was not clear whether our cDNA clone represented the most similar sequence to mouse endo B in the Xenopus genome. The relationship between these sequences therefore was analyzed in cross-hybridization studies. Restriction fragments from comparable regions of NC-11 and a mouse endo B cDNA clone (generously Figure 2. Nucleotide and amino acid sequences. {A) The nucleotide sequence of the coding region of NC-11 is shown, together with its corresponding amino acid sequence. The termination codon is indicated by three asterisks, and the potential polyadenylation signal is underlined. The last five nucleotides of the sequence (GAATT) are due to the £coRI linkers used to clone the cDNA.
[B] Comparison of the predicted amino acid sequence of NC-11 (XK endo B) to its closest protein sequences in the data base. XK70 is a Xenopus embryonic type I epidermal keratin (Winkles et al. 1985) ; mouse (M) endo B is a mouse type I nonepidermal keratin (Singer et al. 1986 ). Two dots (:) indicate identical amino acids, and one dot (.) indicates a conservative change. Keratins, as all intermediate filament proteins, contain four coiled coil domains in their center, indicated as la, lb, 2a, and 2b (for review, see Steinert and Parry 1985; . The available XK endo B cDNA (NC-11) lacks the sequences for the amino-terminal domain of the protein, and the corresponding segments of the two other sequences were omitted. 
XK7 0 LEYKRLLDAKTRLEMEIATYRRLLE -GEDTRFSQTETQKAVTIVSKEQS S S SIKKVKTVIEEWDGKWS SRVEELTETS X ENDO B QEYQALLNTKMKLEAEIQTYRRLLE-GDSFDLQDAVPWT-TQTVKKVITTTQRLVDGKWAESNNTEVIKS M ENDO B QEYEALLNIKVKLEAEIATYRRLLEDGEDFSLNDALDSSNSMQTVQK--TTTRKIVDGRWSETNDTRVLRH
provided by Dr. Oshima) were each used as hybridization probes for Southern blots of Xenopus genomic DNA. Two distinct results were possible. If the frog cDNA sequence were the most similar sequence to mouse endo B in the frog genome, then the frog and the mouse probes would show the strongest hybridization to the same genomic restriction fragments. However, if there were a sequence in the frog genome more similar to mouse endo B than NC-11 is to mouse endo B, the most intense bands in the pattern visualized by the mouse and the frog probes would differ. The converse was also tested in Southern blots with mouse genomic DNA. Figure 3 shows that the homologous and heterologous probes visualize the same major fragments in both the frog and mouse DNAs. However, additional restriction fragments hybridized to the nonhomologous probes, and the same restriction fragments were observed with homologous probes, either by lowering the stringency of hybridization or by overexposing the Southern blots. It is likely that these restriction fragments represent members of a subfamily of type I keratins that includes endo B; at least three genes closely related to endo B occur in the mouse genome (Singer et al. 1986 ). Also, a subfamily of embryonic type I epidermal keratins has been described in Xenopus (Miyatani et al. 1986 ). Because of this sequence relationship, we named the gene represented by NC-11 XK endo B, for Xenopus keratin endo B.
Localization of XK endo B mRNA
The cDNA insert from NC-11 was subcloned into the plasmid pGEM-4, and ^H-labeled sense and antisense transcripts were synthesized and hybridized to sections of albino embryos (Jamrich et al. 1987) . Only the antisense sequence gave significant hybridization, and this hybridization was concentrated in the notochord. Figure  4 A shows a section along the anterior-posterior axis of a stage 23 embryo. Close to uniform hybridization is observed throughout the entire length of the notochord. The cross-section through a stage 23 embryo in Figure 4 , B and C, also shows the notochord as the most intensely hybridizing embryonic tissue. Because XK endo B is first expressed as a maternal RNA and then preferentially in the notochord, we were interested in determining whether this maternal RNA was prelocalized in the tgg or early embryo. RNA from halves of two cell embryos and early blastulae, cut either along the animal-vegetal or dorsal-ventral axes, was analyzed for XK endo B. No preferential distribution of XK endo B was found. The earliest time at which we could discern localized expression was at stage 14, and this expression was localized in the notochord (Fig. 4D) .
Because of the sequence homology between XK endo B and mouse endo B, we were interested in comparing the pattern of expression of these two genes during development, keeping in mind the differences in the generation of the three germ layers and other developmental dis- tinctions between the two organisms (Theiler 1983; Hogan et al. 1986 ). Mouse endo B protein is first detectable at the eight-cell stage , then in the extraembryonic trophoblast cells of the blastocyst, and then in the parietal and visceral endoderm (Oshima 1982; Grover et al. 1983) . Later in development, mouse endo B is present in simple epithelia such as that found in the liver (Trevor and Oshima 1985) . There is no direct evidence that mouse endo B is expressed in the notochord during development, but expression of mouse endo A in the notochord has been reported (Kemler et al. 1981) . Because endo A is a type 11 keratin that is coexpressed with endo B (Kemler et al. 1981; Oshima et al. 1983) , it is likely that mouse endo B is also expressed in the notochord. Amphibian embryos do not contain extraembryonic tissues, but we looked for the expression of XK endo B in the embryonic endoderm and the adult liver. Figure 5 shows that XK endo B is expressed in the embryonic endoderm at levels 5-10 times less than in the notochord. Significant expression of XK endo B was not observed by in situ hybridization, because either the signal is too dilute in the large endodermal cells or the expression of XK endo B is localized to specific regions in the endoderm that were not examined. Expression of XK endo B was also observed in the adult liver, but much more RNA was necessary to detect the transcript in this tissue (Fig. 5B) . The additional 950-nucleotide transcript observed in both liver and egg RNA was not specific to these tissues because it was also observed in longer exposures of other blots. This RNA appears to be present in equal amounts throughout early development, and we do not know its relationship to XK endo B mRNA.
In addition, the expression of XK endo B RNA in dissected notochords, somites, and epidermis from stage 25 embryos was compared by Northern blot analysis (data not shown). Expression in the notochord was about 50 times higher than the expression observed either in the somites or epidermis. We do not know whether any part of the expression observed in the somites and epidermis was due to contaminating endoderm. However, it is unlikely that the low expression observed was due to any cross-hybridizing RNA: In the case of the epidermis, this possibility was ruled out by nuclease SI analysis.
Transcription from one gene^
In Northern blot analyses, a similarly-sized transcript was observed in RNA from egg, endoderm, and notochord. However, mRNAs of many type I keratins are Cold Spring Harbor Laboratory Press on October 19, 2017 -Published by genesdev.cshlp.org Downloaded from similar in size, and it seemed possible that these signals might represent cross-hybridization with transcripts from genes closely related to XK endo B. To resolve this issue, nuclease SI protection experiments were performed. The probe consisted of the £coRl cDNA insert from NC-11, ^^P-end-labeled in the 3'-untranslated region of the sequence. The probe contained the coding region for the carboxyl end of the protein known to be highly divergent among different keratins (for review, see Steinert and Parry 1985) . RNA from Ggg, endoderm, and notochord protected the same-sized DNA fragment corresponding to the entire coding region of NC-11 (Fig.  6) . Furthermore, signals in SI protection were proportional to those observed by Northern blot analysis. Therefore, we conclude that the same gene is expressed during oogenesis and in the developing embryo. 
Discussion
XK endo B is a nonepidermal keratin and the homolog of mouse endo B
In this paper we report the isolation and characterization of a nonepidermal keratin gene, XK endo B, which is preferentially expressed in the notochord; this gene is expressed as a maternal and a zygotic transcript. We demonstrate that XK endo B is homologous to the mouse endo B keratin, extensively studied as an endodermal marker (Oshima 1982; Tabor and Oshima 1982; Grover et al. 1983; Oshima et al. 1983 ). Our studies on Xenopus have generated quite a distinct picture on the distribution of endo B, although important similarities to the reported situation in the mouse obtain. XK endo B RNA is most intensely expressed in the notochord, reaching a concentration 5-to 10-fold higher than in the endoderm. However, because the notochord forms a smaller mass of tissue in the embryo than the endoderm, the total amount of XK endo B RNA in the embryo is about evenly divided between notochord and endoderm. In the mouse, the presence of endo B in the notochord is implied by the staining of this tissue by an antibody to endo A (Kemler et al. 1981) , together with the evidence that endo B and endo A are always coexpressed (Kemler et al. 1981; Oshima 1982; Oshima et al. 1983 ). However, this staining does not allow estimation of the relative concentration of endo A in notochord and endoderm; thus, it is not clear whether the mammalian notochord is a site of intense endo A and B expression.
The function of intermediate filaments is not fully understood. In general, intermediate filaments may connect the nuclear and plasma membranes, and therefore it has been suggested that they are involved in cytoplasmic organization and information transfer in and out of the nucleus (for review, see Geiger 1987) . Keratin filaments have been shown to attach to desmoplakins, protein components of desmosomes, and hemidesmosomes. Desmosomes constitute junctions between epithelial cells, whereas hemidesmosomes are attachment sites connecting the basal surface of epithelial cells and the basal lamina (for review, see Steinert and Roop 1988) . These structures link keratin filaments of neighboring cells, as well as keratin filaments of particular cells, to the extracellular matrix. It is possible that XK endo B functions in the notochord in a similar network and thus contributes to the mechanical stability of this skeletal structure.
Intermediate filaments as differentiation markers in Xenopus
The presence of intermediate filaments in most animal cells and the variety of proteins making up these cytoskeletal structures led to their extensive use as cell type-specific markers in many different systems (Raju et al. 1981; Franke et al. 1982; Bovolenta et al. 1984) . In the frog embryo, the epidermis has been shown to express a distinct set of specific keratins Winkles et al. 1985) ; these proteins and their genes have been valuable as markers in the study of cell interactions and ectoderm differentiation Jamrich et al. 1987) . Godsave et al. (1986) have observed keratin gene expression in the notochord and the neural tube using broad-specificity antibodies, each recognizing more than one polypeptide. It is possible that the keratin they observed in the notochord is XK endo B.
Unlike their mammalian counterparts, amphibian oocytes and eggs contain keratins. The presence of three different keratins has been reported in X. laevis oocytes and eggs (Franz et al. 1983) . One of the keratins expressed in oocytes has been cloned (Franz and Franke 1986) ; it is a type II keratin. It appears likely that one of the type I keratins observed in the tgg (Franz et al. 1983) corresponds to XK endo B. Staining with an antibody specific against a type II keratin has visualized an elaborate cortical fiber network in the oocyte and early embryo, which shows extensive changes in its structure during development (Klymkowsky et al. 1987) . Thus, a variety of keratins is expressed in changing temporal and spatial patterns during amphibian oogenesis and embryogenesis.
Endo B expression and the origin of the notochord
Through a series of studies, the expression of mouse endo A and B in the extraembryonic endoderm and endodermal cell lines has been emphasized (Tabor and Oshima et al. 1982; Grover et al. 1983; Oshima et al. 1983) . Our finding of comparatively high expression of XK endo B in the notochord raises questions about the interpretation of the tissue specificity of this gene and about the germ layer assignment of the notochord. The straightforward interpretation is that XK endo B expression in the endoderm and in the notochord (in amphibians usually considered mesodermal; see below) implies that the gene simply is not tissue or germ layer specific. This statement is obviously true in the frog, whereas the level of notochordal expression in the mouse still needs to be determined (see above). It remains quite appropriate to use endo B as a differentiation marker in cell lines that are known from additional evidence to be endodermal (F9 embryonic carcinoma cells; Grover et al. 1983 ), but it may not be a usable marker in a general sense. For example, when ectodermal cells from a Xenopus blastula are induced by appropriate factors, they differentiate toward mesoderm (Smith 1987) . In this situation, XK endo B could not simply be used as a notochord marker because ectodermal cells can also be induced toward endoderm (Tiedemann 1982; Grunz 1987) , and the expression of endo B would be ambiguous.
Although we may thus regard endo B expression as promiscuous with regard to the germ layer, it is generally true that different types of intermediate filaments are specific to a particular cell type (for review, see Steinert and Roop 1988) . Different t3^e I and type II keratins are coexpressed in epidermal or nonepidermal epithelial cells, vimentin is expressed in mesenchymal cells, desmin in myogenic cells, glial fibrillary acidic protein in glial cells, and neurofilaments in neurons. The exceptions are the lamins, which are widely expressed proteins of the nuclear envelope, and vimentin, which can, in certain instances, be coexpressed with other types of intermediate filament proteins. In view of this broad pattern of specificity, we must consider whether the high expression of XK endo B in the notochord has any relevance to the germ layer origin of this tissue.
In amphibians, the notochord differentiates from cells that migrate into the embryo along the roof of the blastocoel, originating from the dorsal equatorial and subequatorial region of the blastula (Nieuwkoop and Faber 1967; Keller 1981; Dale and Slack 1987; Jacobson and Sheard 1988) . This migrating group of cells is called chordamesoderm, and its mesodermal character has been disputed only rarely in the amphibian literature (e.g.. King 1903; Smith and Malacinski 1983; Brun and Garson 1984; Lundmark 1986 ). The situation in the mouse embryo is less clear. The notochord arises from cells proliferating in the area of Hensen's node that migrate into the embryo and condense along the midline (Jurand 1974) . These cells derive from the ectoderm, have mesodermal character because they migrate into and eventually settle in a space between ectoderm and endoderm, and fuse at one time with the roof of the archenteron, thereby becoming incorporated into endoderm. Thus, although an endodermal assignment is rare (Rugh 1968) , some investigators regard the notochord as mesodermal (Tam and Meier 1982; Hogan et al. 1985) , whereas others consider the germ layer assignment of this structure as undecidable or, in fact, meaningless (Griineberg 1963; Snell and Stevens 1966; Jurand 1974) .
The observation of intense expression of XK endo B in the notochord cannot resolve the questions discussed above, and we certainly do not wish to imply an endodermal origin for this tissue. But there may be a point in reevaluating the basis for considering the notochord closer to mesodermal derivatives, e.g., muscle or kidney, than to endodermal tissues, as is done commonly in the amphibian literature. Possibly the most appropriate attitude is to look upon the notochord as a discrete, very early differentiating product of migrating cells during gastrulation, whose germ layer derivation may be less important than the specific cellular mechanisms acting in its formation.
Methods
Embryos X. laevis females (Nasco) were induced to lay eggs by injection with human chorionic gonadotropin (Sigma). Eggs were fertilized in vitro and dejellied in 2% cysteine (pH 7.8). Developmental stages were determined according to Nieuwkoop and Faber (1967) .
Dissections
Embryonic tissues were dissected from stage 25 embryos. Notochords were made by pulling the embryos repeatedly through drawn-out pasteur pipettes until they were free of neighboring tissue. Carcasses, i.e., embryos lacking notochords, were made by gently removing the notochord using a drawn-out pasteur pipette. Endoderm was made by cutting out the belly portion of the embryo and removing the epidermis with forceps.
Preparation of RNA
Total RNA from embryos and tissues was prepared as described previously ). Poly(A)+ RNA was prepared by one cycle of oligo(dT) chromatography (Aviv and Leder 1972) .
Construction and screening of the cDNA library cDNA was synthesized from 5 |xg poly (A)+ RNA from stage 17 embryos using Moloney murine leukemia virus (Mo-MLV) reverse transcriptase (BRL). RNase H digestion and Escherichia coh DNA polymerase I reactions were done as described by Gubler and Hoffman (1983) . The resulting double-stranded cDNA was mildly digested with nuclease SI. Subsequent steps were performed as described by Huynh et al. (1985) . Approximately 200 ng of cDNA was ligated to 2 \Lg \gtl 1 arms (Young and Davis 1983) , and aliquots were packaged using an extract purchased from Stratagene.
Single-stranded [a-^^PjcDNA probes were synthesized by oligo(dT)-primed reverse transcription using Mo-MLV reverse transcriptase.
Filter blotting and hybridization
RNA was separated by electrophoresis on 1.2% agarose gels containing 5 mM methylmercury hydroxide (Bailey and Davidson 1976) and then transferred to Nytran filters (Schleicher and Schuell) by electroblotting. Hybrization to nick-translated probes was performed as described by Church and Gilbert (1984) . Filters were washed for 15 min at 65°C in (1) 2x SSC + 0.1% SDS, (2) ix SSC + 0.1% SDS, (3) 0.2x SSC + 0.1% SDS, and (4) rinsed in 2 x SSC.
Digested genomic DNA from either homozygous X. laevis, or BALB/c mice was separated on 1% agarose gels. The DNA was then depurinated, denatured, and neutralized before its transfer to Nytran filters by electroblotting. Hybridizations to nicktranslated probes and high-stringency washes were performed as those for Northern blots. Low-stringency washes were done in 1 x SSC + 0.1% SDS at 50°C for frog DNA and at 45°C for mouse DNA.
In situ hybridizations
The cDNA insert from NC-11 was subcloned into the £coRI site of the plasmid, pGEM-4 (Promega Biotec). Sense and antisense PH]RNAs were transcribed using SP6 and T7 RNA polymerases. In situ hybridizations were performed as described previously (Jamrich et al. 1987) .
DNA sequence analysis
The £coRI cDNA insert from NC-11 was subcloned into the £coRI site of phage M13mpl8 DNA (BRL). An overlapping set of exonuclease III deletions was generated and then sequenced using the dideoxy chain-termination method (Sanger et al. 1977; Biggin et al. 1983 ). The second strand was sequenced according to Zagursky et al. (1985) , using the subclone of NC-11 in pGEM-4 and synthetic oligonucleotides.
Nuclease SI analysis
A deoxyoligonucleotide was synthesized and end-labeled using [7-^^P]ATP and T4 polynucleotide kinase. This end-labeled oUgonucleotide was used to prime DNA synthesis by the Klenow fragment of DNA polymerase 1, using the subclone of NC-11 in M13mpl8 as template, as illustrated in Figure 6 . The product of this reaction was digested with £coRI. The labeled £coRI fragment was then isolated from remaining M13 DNA on 1.2% low-melting agarose gels. The probe (0.3 pmole) was hybridized to 10 jjLg of RNA in 10 [xl 80% formamide, 200 mM NaCl, 40 mM PIPES (pH 6.4), and 1 mM EDTA at a temperature that was 5°C higher than the experimentally determined melting temperature of the probe. Resulting hybrids were digested with 500 U/ml of nuclease SI (BRL) in 110 [xl of 200 mM NaCl, 50 mM Na acetate (pH 4.5), and 1 mM ZnS04 for 1 hr at 30°C. These digests were extracted with phenol, precipitated with 2.5 volumes of ethanol, and analyzed on a 1.2% denaturing agarose gel, as decribed above. After electrophoresis, the gel was dried on DEAE-cellulose paper and autoradiographed.
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